with a molecular weight range of 470•`•ƒ600.
Introduction
In the course of studies on utilization of lipids in soybean seedlings, it was observed that low molecular weight components in the triglycV eride (TG) fraction increased up to 4'5 d in the axis, followed by a decrease.
In this con= nection, Fedeli tuents we have observed are suspected to be composed of either of these types or both. A great deal of works have been done on the neutral diol lipids from animal sources as re viewed by Bergelson2', whereas those on plant origin are scarce2''". Therefore, the present investigation was undertaken to find the nature of such minor components chiefly in the axis and to some extent in the cotyledons of the 4 th day soybean seedlings.
Experimental

Materials
The following chemicals were purchased from Wako Pure Chemicals : The analytical grades of triacetin, tributyrin, tridecanoin tripalmitin, various diols, aldehydes used as the standards, Wako gel B-5 for TLC, silica gel for column chromatography (CC), Sephadex LH-20, other * Parts of this paper were presented at the Annual Meeting of the Japan Oil Chemists' Society in 1972 and that of Japanese Conference on the Biochemistry of Lipids in 1973. chemicals, and solvents.
The solvents were redistilled before use. The standard long chain fatty acids were procured from Nihon Chromato Works, Ltd. The following items were pur chased from Nishio Kogyo : Silicone OV-17 (0.5 and 5%) coated on Chromosorb W (AW) DMCS 6080 mesh, Silicone OV-17 (2%) coated on Chromosorb W (AW) DMCS 80100 mesh, EGSP (5 and 10%) coated on Gas Chrom P 100-120 mesh, and the standard short chain fatty acids, C6 C11, for GLC.
2.2 Germination of soybeans Two varieties of soybeans were chiefly used, Tamanishiki in early studies and Gin in later detailed studies. This change in variety of soybeans was made inevitable because of the termination of the cultivation of Tamanishiki. A few other varieties were also studied to check reproducibility as to the presence of minor components in TG fractions.
Soybean seedlings of the fourth day were separated into the axis and cotyledons and (soaked in boiling water for 2~3 min) to inacti= vate peroxidases.
After removing moisture by blotting on filter papers, the axes were freeze dried for 24 h and the cotyledons for 48 h at --30°C; the dried axes and cotyledons amounted 5.3% and 32.8%, respectively, of the respective fresh samples.
Extraction of neutral lipids (NL) and fractionation
of TG A weighed amount of pulverized sample was extracted 3~5 times with petroleum ether (bp 4060°C)-diethyl ether (PE-E) 1 : 1, the sol vents of the combined extract were removed under reduced pressure, keeping the temperature below 40°C. The residue was treated with purified dry acetone, the mixture kept in a refrigerator overnight, and the solvent of the acetone-soluble fraction removed. The residue was dissolved in a small volume of chloroform (C), blanketed with dry nitrogen gas, and stored in a refrigerator.
The yields of NL from the dried axes and cotyledons were 1.3 and 17.9%, respectively.
Fractionation of TG and analytical methods used are schematically shown in Chart-1.
The fractionation of TG into LC--TG and SC-TG (Refer to Chart-1) was performed with Varian Aerograph model 920 under the following conditions : Aluminum column (1/4 inch x 1.5 m or 2 m) packed with 5% OV-17, column temperature 100300°C (5°C/min by manual), injection and detector temperature 328 338°C and 307'-310 °C, respectively, and fit ament current 150 fA, The fractionation was repeated a number of . times by injecting 20 icl of a 50% chloroform solution of TG at a time.
Chart-1
The outline of the fractionation procedures and analytical methods. Table- 
The fatty acid compositions of Tamanishiki and an imported variety are quite similar and those of cotyledons are similar to those of soybeans. Although the FA composi= tion of TG from Gin cotyledons is quite similar to that of soybeans, that of the axes differ from that of Tamanishiki with respect to a small proportion of 18 : 2 and a large propor= tion of 22 : 1. These differences would affect the fatty acid compositions of LC-TG, but not those of SC-TG as shown in Table- 
The subf raction LM -b contained a consider= able amount of 16 : 0, suggesting the presence of this acid in some of diol derivatives as will be discussed later in section 3.3.2.
In order to identify volatile fatty acids 2chloroethyl esters were prepareds' from the axis TG of Tamanishiki, and their mass spectra were compared with those of the derivatives of the standard fatty acids. However, the mass patterns of the natural ones differed from those of the standards (unpublished results). Thus, Table-1 GLC conditions (Yanagimoto  GCG 550 the presence of short chain fatty acids if press ent would be in a very small amount (see Table-8 ).
Alkaline and acid methanolysis of TG 3.2.1
The fractionation by TLC The alkaline methanolysis of the TG fraction gave only a small amount of FAME as shown in Table-6 . This is attributed to the fact that a number of hydroxylated FAME, as will be discussed in the succeeding section, carried over non-oxygenated FAME into the aldehydegenic fraction, which was the major one out of the three fractions separated by TLC. The DMA fraction obtained by acid methanolysis of the aldehydegenic fraction was found also to be a mixture of carbonyl compounds and FAME as well as a number of other types of com= pounds (see Table- 8) . Since amounts of LM-a and LM-b available for analyses were so small that the former was used for the analysis of aldehydes (Tables-7 and 12 ) and the latter for that of FAME (Table-5 
).
A large amount of myristaldehyde observed (Table-7 ) may be mixed with some short chain FAME and some oxygenated compounds as indicated by the absorbance near 3480-.--3280 cm-1. The strong absorbance at 760 cm-1 may be attributed partly to the presence of phthalates as contaminants (Table-13) and to an aromatic compounds Table-6  Table-8 shows the presence of considerable numbers of FAME along with oxygenated ones in the aldehydegenic fraction. Some short chain FAME were detected, but their amounts would be very minute as has been mentioned earlier. There should have been detected Cis:, and Ci 8: 2 aldehydes as they were found to be pres ent in the LM fraction (Table-7) , but they were not distinctly observed. A reason for this may be that their characteristic fragment ions might have been masked by fragment ions Long chain diols such as octane-and nonanev diols were detected in this fraction although they were not distinctly identified in the polyol fraction (Table 9 ). Other types o£ compounds detected were furyl derivatives and a phenolic compound (Refer to Table-7) .
Further isolav tion and purification would be necessary for identification of these compounds. Glycerol was detected in the case of Tamac2 nishiki, where the total TG was subjected to acid methanolysis, amounting to 81% in the cotyledons and 46% in the axis (approximately 57% of glycerol in the cotyledons).
. 2 . Components in the polyol fractions
This suggests the presence of considerable amounts of diol derivatives in the latter. In later studies with Gin, however, glycerol was eliminated by TLC (C-methanol (M) 4 : 1 as a developing solvent system), followed by purification of the acetylated products by TLC (C-acetone 96 : 4) in order to eliminate possible contamination of 5 : 1, 5-diol with 1-chloro-2, 3-propanediol, which is said to be formed from glycerol during acetylation and gives a peak coinciding the diacetate of the former in GLC analysis2'.
A single peak observed at Rrt 0.06 is con sid ered to be a mixture of 4 : 2, 3-and 3 : 1, 2-diols since their elution temperatures differ only by one degree. A large proportion of a peak observed at Rrt 0.100.11
in Pol-A and -B was found to' be 4 : 1 , 3-diol contaminated with an ether. A number of unidentified peaks observed may be considered to be diols of C5 and C6 having the hydroxyl group at various positions other than the terminal ends of the chain (o, @-diol). The mass spectrometric anal ysis of Pol-B showed the presence of 7 : 1, 7-diol (M=216) and 8:1, 8-diol (M=230), which are not shown in Table-9 . The latter and 9: 1, 9-diol were also detected in the aldehydegenic fraction (Table-8 ).
Three common types of diols are known to occur in cutin wax; a, a-, 1, 2-, and 2, 3-diols14'. Thus, the diols shown in Table-9 are quite abundant in the axis of soybean seedlings. No detailed studies were made with Gin cotyledons but they may also contain some of these short chain diols as in the case of Tamanishiki. Ukita and Tanimura3' reported the presence of 4 : 2, 3-diol in the seed oil of Coix Lachrima and Bergelson2' 2 : 1, 2-, 4 : 2, 3-, 4 : 1, 3-, and 4 : 1, 4-diols in the TG fraction from corn seeds.
The presence of such diols and their derivz atives in the axis is quite interesting with respect to their antimicrobial action against B. subtilis23'. These compounds may play a role in supporting the growth of the axis without deterioration at a temperature considered to be optimal for the growth of microorganisms. Another interesting point is the recent finding that some of these derivatives have a good surfactant property and increase storage stability of bread when incorporated in the dough24'.
TG subf ractions
In the case of Tamanishiki, some minor components amounted to 1.670 of the total TG from the axis when analyzed by GLC (Table- 1 a). The gas chromatogram of the axis TG showed 6 sharp peaks and that of cotyledon TG 2 as shown in Table-1 Q. The comparison of their elution temperatures with those of the standard TG indicated that the TG C, no. (see the foot note of Table-10) of the peaks of the natural ones corresponded to that of greater than 6 and less than 30. Similar peaks were detected in the SC-TG fraction from the Axis TG of Gin when analyzed under the conditions given in Table-1 
The gas chromatogram of a fraction corre sponding to LM-c from the axis of Tamanishiki when analyzed under the conditions given in Table- 2 showed 9 sharp peaks eluting between 120163°C, followed by 5 peaks eluting at 196 -216°C and 2 peaks eluting at 245250°C. The GLC-MS of these peaks indicated that each of the first 9 peaks were a mixture ; their mass patterns showed characteristic fragment ions relating to alcohols and carbonyl compounds. The following 5 peaks were identified to be phthalates, chief one being di-n-butyl phthalate and one of the last 2 peaks di-n-octyl phthal ate25'. The first 9 peaks gradually decreased on prolonging germination time more than 4d. Dioctyl phthalate was detected also in SC-TG from the axis of Gin (Table-13 ).
3.3.1 LM fractions from the axis LM -a and -b gave similar patterns of TLC chromatogram (Table-11) and similar color reactions ; all the spots were carbonyl-positive and some of them hydroxyl-positive.
The IR spectrum of LM-a showed the presence of -OH near 3400 cm-1, -CH=CH stre tching vibration at 1620--1670 cm-1 (a weak doublet), alkyl ketone at 1200 cm', -C-OH at 1205 cm-1, dialkoxy derived from ketones and acetals at 10981063 and 11001080 cm-1, and ce-unsaturated secondary alcohol at 1085-S-1050 cm" 1 (strong). Thus, components in the f rac tions with R f 0.00.11 and 0.210.23 may be hydroxylgroup-containing low molecular weight compounds and those in the fraction with R f 0.470.66
(the standard trilaurin showed R f 0.50) may be diol derivatives.
The gas chromatogram (Fig.-1) showed 16
sharp peaks. The fractionation and a high efficiency of GLC performance in this study gave a larger number of peaks than those observed with the corresponding fraction from Tamanishiki as mentioned above. However, some of the peaks were found to be mixtures of a few components and no molecular weight could be determined as indicated by the missing peak numbers in Table- 12.
The mass spectra of these components were not taken because of an insufficient amount of material available.
The chief components detected in LM-a (Table-12 ) was carbonyl compounds and they were mixed with some alcohols and an alkane. Among these 2, 4-decadienal may be suspected to be the results of oxidation of unsaturated FA during isolation as has been suggested for its presence in flavor components of fresh aspa ragus2s'. Components with molecular weight 112, 126, and 152 in LM-c may be heptenal, octenal, and 2, 4-decadienal, respectively, in analogy with those detected in LM-a. Table-13 shows the mass numbers observed in the high mass region, abundant ions, the total acyl carbon numbers of FA esterif ied to glycerol and ethanediol. The last two would be imporv tant in formulating molecular structures by Fig,-1 The gas chromatogram of LM-C (see Table-3 for the analytical conditions used.) Table-3 for the analytical conditions, b) No molecular ion was observed, c) The mass patterns were very close to those for 4-methyl-3heptanol and 3-octanol. Table-13 Components in SC-TG from the axisa).
Components in SC-TG from the axis
(s) indicates a small peak size, (1) a large, and (+) a weak intensity less than 1.0% of the observed base peak. a) See Table-2 for the analytical conditions. b) Fragment ions observed in the high mass region; the number in parenv theses represents the intensity (9o) of the ion relative to the observed base peak, c) The most abundant ion observed (the base peak of the spectrum), d) and e) The total carbon number of acyl groups esterif ied to glycerol and ethane= diol, respectively, f) Dioctyl phthalate, which has been identified previously25). Table-14  Molecular  species possibly present in Peak 1 and 3 of Table-13. G1= glycerol, ED=ethanediol, BD= butanediol, ND=nonanediol, HpD=heptanediol, PD=pentanediol, a) 1-alkenyloxy group, b) Observed in the case of 1-alkenyl aryl derivatives of diols with different alkyl chain lengths. c) M-15, d) M-29, e) Relatively strong intensities of the ions related to ED were observed. f) M-99-1, suggesting a 9 : 1, 2-didl structure. diester type3 °. In the cases of long chain diol derivatives with the hydroxyl group at 1, 2-, 1, 3-, or 2, 3-positions, however, the cleavage r to the tertiary carbon atom sould be preferred to the cleavage shown above and this will pro vide no molecular ion as found to be the case with the components in peak 3. Fatty acids (Table-4 , 5, and $) and aldehydes (Table-7 and $) were also taken into consideration in formulating the chemical structures. Isomeric structures would also be possible, of course, for each of the species shown in the table.
The mass pattern of peak 3 showed no acyl chain length greater than C16 and strong inten sities of ions characteristic to the odd carbon numbered diols shown in the table besides ED ion. Another analog would be a compound having C12 aryl chain since the intensities of its [R'COOCH2r was strong. Peak 3 may likely contain a number of other species having long chain acyl carbon numbers as indicated by its large peak size (Table-13 ).
The foregoing results indicate that the SC-TG fraction from soybean seedlings may be devided into two main subf ractions : (1) compo vents with molecular weights in a range of 470 600, comprising of a very small amount of TG having short chain FA and a large amount of diol derivatives such as diesters and 1-alkenyl ether ester; and (2) components with molecular weights less than 156 (Table-12 ), comprising of short chain carbonyl compounds, alkanes, alcohols, and others. Some of the latter group may be utilized during germination and decrease by increasing germination time. Phthalate esters, if contamination occurs, would be found between (1) and (2) fractions.
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